Introduction to Balloon Missions to Mars
The United States has established a vision for space exploration that will lead to human missions to the Moon, and eventually to Mars. In order for this vision to become a reality, the Martian environment must be understood thoroughly to minimize potential risks to the human exploration program. Although Mars rovers and orbiting satellites are able to gather a significant amount of planetary data, neither form of exploration provides adequate information to assess all risks to human exploration, nor do they provide a good balance between mobility and precise in-situ measurements.
Fortunately, many of these requirements can be fulfilled with aerial robotic (aerobot) missions. Amongst the proposed aerobot concepts, the balloon system has various advantages with respect to the airship and airplane because these two are far more complex.
Potential balloon missions to Mars may include the search for organic compounds and toxic elements in the atmosphere, and studies of meteorology, and dust electrification. These science objectives can be achieved by a superpressure balloon system. This concept is noteworthy because of its simplicity, ability to perform in-situ measurements in the Martian atmosphere over large areas, ability to survey the surface, and its relatively long mission life when compared to airplanes.
A summary of the advantages and disadvantages of various Mars balloon concepts options are shown below. The superpressure balloon outranks the other concepts because of its ability to carry out science missions that would contribute significantly to the US vision for human exploration of Mars.
Zero-pressure Balloon Concept
Advantage Good flight heritage from successful operations in Earth's stratosphere (comparable to Mars conditions) Disadvantage Short mission duration (a few days), requires significant amount of ballast to maintain altitude during each day-to-night cycle.
Long mission duration possible (30 days), if flown in the polar regions during periods of quasi-constant daylight due to reduced ballast requirements. 
Infrared Montgolfier Balloon Concept

Challenges to Balloon Missions to Mars
Aerial robotics missions including balloon systems have not been utilized in a Mars mission yet. Consequently, the perception of risk is high, which has contributed to the selection of rovers and orbiters over balloons in recent mission proposal cycles. The technological risk is also high in conventional balloon deployment strategies because the balloon is inflated during the entry, descent, and deployment (EDD) phase. The entry, descent, and deployment/landing phase is considered to be one of the riskiest phases in any Mars mission which requires atmospheric entry. Typical EDD phases of previous missions, such as the Mars Exploration Rover (MER) mission, lasted approximately six minutes from entry to touchdown limiting the balloon inflation time to approximately a maximum of 2-3 minutes. The high descent velocities (430 m/s ~ 85 m/s) that would be encountered during balloon inflation requires an extremely high gas flow rate from the tank to the balloon and causes high aerodynamic loadings on the balloon envelop. The challenges to this type of deployment is that the balloon material needs to be light enough for it to float but strong enough to overcome stress load requirements. Thus, advancement in Nano film technology that is not mature yet might be necessary for this type of mission. Moreover, the conventional strategy faces a dilemma because it is difficult to accurately model and analyze the deployment data with simple tests. The maturation of the technology for balloon inflation requires a large number of costly stratospheric deployment tests because numerical models of complex aeroelastic problems are not currently available. The high cost of the deployment tests limits our ability to conduct the many tests necessary for advancing the technology. In the past ten years, balloon inflation technology has been making slow progress because of the small funding allocated for it. The superpressure balloon is a promising technology for future missions but the current balloon inflation strategy does not meet the minimum Technology Readiness Level (TRL) required for a flight project. This has driven the University of Michigan researchers to investigate economical balloon deployment strategies that could be economically tested. 
Balloon Inflation at the Ground
The conventional balloon aerial deployment strategy requires a complex test matrix that requires a large number of tests in the Earth's stratosphere. The deployment tests must be conducted in the Earth's stratosphere because it has properties similar to the Martian atmosphere. In the conventional deployment strategy, the majority of the funds available for technology maturation would be invested on these complex stratospheric deployment tests. However, these risk items are not conclusive enough to eliminate the balloon ground inflation concept. Our concept for surface inflation might allow the development of a low-cost aerobot mission to Mars. 
Surface Inflation Concept
Studies by both JPL and NASA Wallops have shown that a long duration balloon flight on Mars is possible as long as the balloon can be properly inflated. Achieving this inflated state has proved to be difficult. When high altitude balloons are launched on Earth, people are present to handle the balloons and prevent them from possibly tearing on the ground. Inflation on the Martian surface presents similar challenges, including typical surface winds of around 5 m/s, which could push an under-inflated balloon sideways and force it to contact the rocky surface, or cause strong stresses that could tear the balloon envelope.
The goal of a ground-based Mars balloon launcher is to protect the balloon from these dangers while it is initially being inflated, so that the balloon has enough time to fully inflate and rise to a safe altitude. A ground-based balloon deployment system must be designed for a number of possible landing environments, because the precision of landings on Mars is limited. For example, the Spirit and Opportunity Mars rovers landed within 15 miles of their target landing sites. Thus, there is no costeffective way to accurately predict the local environment that the balloon will be required to inflate in. Given these uncertainties, it is safer to make a passive system for protecting the balloon, as opposed to an active one. This is why we chose to develop a passive guidance funnel which is deployed out of the Mars lander in order to protect the balloon during inflation at the ground.
Surface Inflation System Concepts
Several initial system designs were considered. The first was the use of a small pilot balloon to lift the top of the large balloon during inflation. This pilot balloon would provide buoyancy that would keep the partially inflated large balloon from touching the ground. Calculations showed that the pilot balloon's Revolutionary Aerospace Systems Concept -Academic Linkage radius would have to be 60% of the large balloon in order to provide sufficient buoyancy to guarantee safety. Problems with this design were that we would face the same obstacles inflating the pilot balloon as inflating the large balloon. There was also the problem of routing helium to the small balloon, and the reliability tests of this system.
A second design consisted of a large pad deployed around the lander. This pad would cushion the balloon if it ever came in contact with the ground, preventing the balloon from tearing. One of our concerns with this design was whether or not the pad would puncture or tear on the Martian surface during deployment. Testability was once again an issue with this design because mimicking all possible situations on the Martian surface could be difficult.
We also considered using electrostatics to keep the balloon above the ground and within the lander structure. But charge generation methods, such as Van de Graaff Generators, are extremely high mass. In addition, electrostatic conditions on Mars are not well understood, which could possibly make control of the balloon charges difficult.
Our last design consisted of a funnel connected to the lander. This funnel would guide the balloon upward as it inflated, and the balloon would exit at the top of the funnel. The funnel height would be such as to guarantee that the balloon would not touch the ground. The funnel could be either a free standing or an inflatable structure.
Design Selection
The funnel design was chosen for its testability and low cost. We could test several different funnel designs and deployment conditions quickly and at low cost. The small balloon design was discarded because inflating it was as difficult as inflating the large balloon. The large pad idea was nearly impossible to test because of difficulties recreating the Martian surface on Earth. The electrostatic idea was too complex and heavy. Moreover, both the balloon and the lander could be charged by natural processes on Mars, making the control of their charges difficult.
Funnel Design Selection
Several different funnel geometries and materials were considered. We selected a cylindrical shaped funnel because it has lower surface area than a conical funnel of the same height, thus lowering mass, and provides similar stability properties. We considered both an inflatable funnel and a metallic/plastic funnel. Advantages of using the inflatable funnel are that it could be packed into a small space, leaving room for other hardware in the landing module. It can also be easily constructed and tested. The metallic/plastic funnel would be heavier and take up more space than the inflatable funnel.
But if it could be constructed using several springloaded components, then the funnel could be light enough and small enough to be an option. With the simple information system that we propose, the inflatable cylindrical funnel is the best option, but other funnel option could still be examined.
Design Details of the Inflatable Funnel
Functional Requirements
The inflatable funnel must be able to keep the balloon from contacting the ground during the early inflation stages. During this stage, the balloon does not contain enough helium to be positively buoyant, and runs the risk of contacting the ground, which may be very harmful. The funnel must be stable enough to keep the balloon contained and the lander upright when wind exerts lateral forces on it.
Height Requirement
The inflatable funnel's minimum height is determined by the amount of slack that can develop in the balloon as it inflates. The risk of negatively buoyant slack material blowing over the side of the funnel and contacting the ground is a serious concern, thus the funnel must be tall enough to accommodate the maximum possible amount of slack before the top section of the balloon becomes buoyant. Our analysis of the minimum funnel height assumes that the helium goes to the top of the balloon immediately, filling a spherical volume at the top of the balloon, while the un-inflated balloon material is deployed through the cylinder. The volume of the small sphere dictates the buoyant force on the top of the balloon, and the length of slack material determines the downward force on the top of the balloon. Calculations in Appendix A
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show that the funnel must be at least 2.5 m tall for this condition to be achieved.
The other requirement on the minimum height of the funnel is the behavior of the gondola after initial balloon liftoff. The gondola will be stored outside the perimeter of the funnel, so that if the balloon lifts the gondola off the ground at an angle, the gondola will tend to swing toward the balloon, and toward the ground. This introduces the risk of the gondola being dragged along the ground and hitting an obstacle, such as a large rock. This is avoided by making the funnel tall enough so that the angle of the tether with respect to the ground plane at liftoff is close to 90°, even in the presence of typical winds. Calculations in Appendix B show that the minimum required funnel height to achieve this on Mars is 6.4 m, which translates to a 1 ft tall funnel in our scale model. This is the limiting condition on the minimum size of the funnel.
Construction Methods
The inflatable funnel is made from a thin plastic film. In our prototype, polyethylene film was used. Its thermal properties allow it to be bonded to itself with a heat iron or heat gun. This made our fabrication process straightforward and simple. The proper shapes are cut out from a sheet of polyethylene, and then heat sealed together to prevent gas from escaping. The shape we chose for our experiment was two rectangular sheets, which were placed on top of each other, and sealed at the borders and along vertical lines, in order to make air channels which stiffen when inflated. The air channels were sealed at the ends to make a cylinder, which can be folded for packing, but stands upright when inflated.
Balloon Packing
The balloon must be packed into the funnel for deployment at the surface of Mars. However, the packing scheme must be optimized for space and functionality requirements. The balloon must not be packed in such a way that it restricts airflow to the top of the balloon, since the funnel design capitalizes on helium flowing to the top of the funnel for its effectiveness. The balloon must also be packed into the limited space allotted for the funnel/balloon package aboard the Mars lander. These requirements are mutually exclusive, and a compromise must be found. Early experimental results suggest that a spiral, or helical, packing scheme allows compact packing and good airflow from the bottom to the top of the balloon. The spiral may be low-profile and wide, or tall and thin, depending on the needs of the application or mission. Other packing schemes which involve folding can have smaller volumes, but they severely restrict the airflow to the top of the balloon, and limit the functionality of the system.
Economical Prototype Development and Concept Demonstration
Polyethylene Balloon Prototype
Our main prototypes were constructed from polyethylene. The material is tough, can be compacted to fit inside the funnel, and is easy to work with. Our scaling analysis dictated that the prototypes must have surface area density ranging from 40 to 50 g/m 2 . The Polyethylene that we used had a surface area density of approximately 41 g/m 2 .
To construct the balloons, sixteen gores were first cut out from large polyethylene sheets. The gores were then fused into each other one by one until the balloon was completed. A small hole was cut on the bottom, and a small valve was installed. Heat shrink wrap was used to make an air tight seal. A scaled gondola made of Styrofoam was also attached to the balloon bottom.
Fluorinated Ethylene Propylene (FEP) Balloon Prototype
One FEP balloon was constructed. FEP was selected because it matched the scaled strength per unit area of the Mars Balloon. Several problems were encountered when constructing this balloon. First, the stiffness of the FEP made it necessary to make twenty gores in order for a spherical shape to be approximated. These gores were wrapped around a 0.75 m diameter exercise ball in order to align them correctly. At first, 90M Aerosol Glue was used to construct the balloon. Unfortunately, the added weight of the glue was too much, and the balloon would not fly. The Monokote Iron also could not be used in the balloon fabrication because it was not able to generate enough heat to melt the FEP. Thus, a Makita Heat Gun was used to bind the FEP gores together. The final product was fragile and could not
Revolutionary Aerospace Systems Concept -Academic Linkage be packed into the scaled funnel. It was also almost impossible to repair holes on this balloon. Again, a small hole was cut on the bottom, and a small valve was installed. Heat shrink wrap was used to make the seal around the valve air tight.
Cylindrical Funnel Prototype
The cylindrical funnel prototype was constructed from the same polyethylene as the balloon prototype. Scaling dictated that the funnel be 31.5 cm. high. Two 31.5 cm x 123 cm rectangular pieces were cut out, and were bonded along the edges using a Monokote Iron. Channels were then formed in the pattern by melting the polyethylene from top to bottom at several points. The rectangle was then wrapped into a cylinder, and again an iron was used to bond the edges together. A small hole was cut on the bottom, and a small valve was installed. Heat shrink wrap was used to make the seal around the valve air tight.
Scaling & Economical Testing
Scaling Motivation
Having chosen a soap bubble type ground-launch system, we then decided on the specifics details of the implementation: materials, methods, and physical dimensions. Since balloon materials and load bearing have been studied in detail before and can be calculated through analytic or computational methods to a high degree of accuracy, we did not worry about them. We focused on the analysis of the complex wind-balloon interaction. Because this interaction is not currently well understood, neither analytical nor computational methods are available to study it. Thus, our study was reduced to the last resort and mainstay of engineering: scaling analysis and physical testing.
Because of cost constraints and the lack of large facilities to mimic Martian atmospheric conditions, we were forced to conduct scaled tests of our models. The challenge then became to scale these models well enough so that their behavior on earth would mimic the wind-balloon interaction on Mars.
With our ultimate goal being the testing of scaled models representing the balloons that we propose to deploy on mars, we had a few important steps to complete before fabricating the models. We first had to find or invent an appropriate set of nondimensional numbers which could be matched between the expected Mars-design and our earthmodel to ensure dynamic similarity between the two. In addition, we had to design the Martian deployment system.
Dimensionless Numbers
There are very few procedural guidelines to follow when creating non-dimensional numbers, but there are several well-established numbers such as the Reynolds and Froude numbers. However, matching the Reynolds number alone does not accurately capture the interaction between fluid movement and balloon movement. In order to achieve dynamic similarity between the scaled model on Earth and the full scale system on Mars, additional parameters are required. These parameters must incorporate the material properties of the balloon envelope and account for their effect on the system behavior. Tables 1 and 2 contain the relevant physical variables. In these tables, M represents mass, L represent length, and T represents time: 1 Envelope surface stiffness, as an important variable, was introduced later in the design and construction process, as it became evident that the envelope material's ability to "fold nicely" was plays an important role in the balloon's deployment, and perhaps also its dynamic behavior in the partially-deployed stage. Its value is taken to be equal to the envelope material's elastic modulus multiplied by envelope thickness to the third power, which is derived from beam theory, and intended to represent the envelope's resistance to increasing angle of folding.
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Nine relevant physical variables were chosen to characterize the system dynamics. These variables contain three fundamental units (mass, length, and time). The Buckingham Pi-Theorem dictates that the difference between the number of relevant physical variables and the number of fundamental units used to describe them is equal to the number of dimensionless parameters necessary to describe the system. As a result, six non-dimensional parameters are necessary in order to achieve dynamic similarity. Since we had control over at least six of the variables in the tests with our scale model, we were able to find a combination of them which satisfied the equations for all of the six dimensionless numbers that we had to match.
Reynolds Number
The Reynolds Number is the ratio between dynamic and viscosity accelerations. It is given by equation 1 below.
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(Eq. 7.1)
Froude Number
The Froude Number is the ratio between dynamic and buoyancy accelerations. It is given by equation 2 below.
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Aero-Kinetic Parameter
The Aero-kinetic Parameter was invented by the Mars Balloon team. It is intended to capture the accelerations of fluid vortices shed by the balloon envelope and accelerations of the balloon surface forced by them. It is given by equation 3.
We believe that this physical phenomenon is important because it causes periodic ripples across the surface of the balloon, which may develop high local stresses in the balloon material. Moreover, it is much more difficult to calculate it than the other risks to a successful deployment. Furthermore, previous scientists have observed the balloon envelope "rippling like a jellyfish" in an upperstratospheric balloon deployment test that was intended to simulate balloon deployment in the Martian atmosphere during parachute decent. [12] The Aero-kinetic Parameter is derived by finding the characteristic acceleration of a differential balloon surface element, which is equal to dynamic pressure force divided by surface element mass, and comparing this acceleration to the expected acceleration of low-pressure turbulent vortices traveling over the balloon's surface (taken as proportional to D U 2 ). This acceleration, if taken correctly from the Stroul Number, has been shown by Von Karman to be nearly a function of the Reynolds number alone. Details of the calculation are presented in Appendix B.
Buoyancy Parameter
The Buoyancy Parameter was created to represent the ratio of the buoyancy acceleration on the balloon to the downward gravity acceleration. The buoyancy parameter is given by equation 4 below. 
Envelope Strength Parameter
The Envelope Strength Parameter is proportional to the ratio of aerodynamic stress on the envelope to the stress that it is capable of withstanding. This parameter ensures that if our balloon remains unbroken from wind forces during testing, it will remain unbroken when deployed on mars. It is given by equation 5 below. 
Envelope Stiffness Parameter
The Envelope Stiffness Parameter is intended to capture the ratio of the aerodynamic force pushing on the balloon surface to the force with which the surface pushes back. It is derived from beam theory and was added late in the project by necessity. It is given by equation 6. Its derivation is described in Appendix C. 
Results of the Non-dimensional Analysis ing D = 0.0464 balloon diameter ratio
The non-dimensional analysis consists of equat the non-dimensional parameter expressions on Earth with those on Mars. Solving these equations simultaneously for the 6 experimental variables which we could control gave us the scaling ratios for our experiments.
= 88.74 outer-inner density ratio ps = 4.120 envelope surface density ratio = 0.503 envelope surface strength ratio v = 0.349 wind velocity ratio ur dimensional analysis suggests that the wind speed for the experiments must be 3 times slower
7-1:
We performed open-air experim order to test deployment system's performance. In T balloon must be 88.74 times higher on Earth than on Mars. However, the atmospheric pressure on Earth is 88.74 times higher than that of Mars, which means that we can use same gas to inflate our scaled balloon as will be used on Mars. Thus, we decide to use helium as the buoyant gas in our experiments.
T times heavier per unit surface area than the Mars balloon material. The literature recommends that a Mars balloon not exceed a surface area density of 10 g/m 2 , because the thin Martian requires a low mass envelope.
T must be half as strong as the material for the Mars balloon. We assumed that the Mars balloon was made of 10 m Mylar or a similar material, that has a strength of 13.8 lb/in. The FEP film's strength is 3.8 lbs/in. Thus, the FEP is 3.6 times weaker than 10 m Mylar. The fact that it is 3.6 times weaker means that if the balloon inflation experiments are successful, then a much weaker material may be safely used for the Mars balloon.
O than those expected on Mars. The wind speed of surface of Mars is predicted to be 0 m/s to 10 m/s based on the Mars Pathfinder Mission (MPF) measurements. This means that the wind speed must be about 0 m/s to 3.3 m/s on Earth. It is possible to test in higher wind speeds, in order to test for functionality in higher Mars wind speeds.
Surface Wind Measurements from MPF Mission
(Courtesy of JPL)
7.3
Testing ents in the balloon order to accurately model the system behavior in winds in excess of 10 m/s on Mars, it was necessary to test in winds in excess of 3.3 m/s on Earth.
Test Conditions
T wind speeds that ranged 9 m/s on Earth.
Balloon De
T winds. The stability of the base/fun structure was tested in the presence of wind stronger than predicted on Mars, and the ability of the balloon to fully inflate without contacting the ground was also tested. The balloon was made of doublelayered polyethylene, and had the mass per unit surface area suggested by the non-dimensional analysis 
Balloon Deployment System Test
The system was stable in winds of up to 6.5 m/s on Earth, even with the lateral wind drag of a fully inflated balloon, and the balloon was able to inflate and support its own weight without contacting the ground. This means that the balloon would be able to fully inflate without touching the ground on Mars, and not disturb the M d speed of 4.5 /s. Both tests simulated wind force on the balloon, or and local stresses to that the drag force on the balloon would ars lander.
FEP Balloon Test
The FEP balloon was tested to determine if windinduced stresses would tear the balloon. The FEP material matched the strength needed to reproduce the balloon behavior expected on Mars. The balloon was inflated with helium and allowed the blow in the wind, while held at the base. In a second test, the balloon was held and moved at a fixe m causing rippling behavi develop across the envelope. 
The FEP balloon was checked for tears after the tests. The FEP material exhibited no local stretching or tearing. This means that the balloon would be intact after blowing in the wind during the initial inflation process on Mars
Future Tests
This s and med in the future, in he material that it is made f, and the manner in which it is deployed all require ns. We found that a cylinder was rigorous nalysis of the funnel shape and its impact on is necessary to optimize the tanding structure is an untested iscipline, and requires further experimentation. ther xperimentation and analysis is necessary in order to eme. t s ection details additional experiment research that should be perfor order to further the technology base and the TRL for the ground-based balloon launch concept.
Funnel Type
The shape of the funnel, t o further investigatio the most effective shape, as it was a compromise between having high stability with an upward facing cone and low friction and abrasion with the balloon on downward facing cone. However, a a balloon deployment deployment system.
Further analysis is also required to determine if the cone should be inflated or be a free-standing mechanical structure. An inflated cone would necessitate additional on-board gas for its inflation. A free standing structure made of plastic or metal may be heavier, but it could be constructed into a geodesic structure to minimize volume and weight. Deploying the free s d
Balloon Packing/Folding
How the balloon is packed within the funnel must also be investigated further. A spiral shape has produced the best results in our tests because it does not restrict airflow to the top of the balloon as much as other packing schemes involving sharp folds in the balloon material. However, the spiral packing scheme is not the most space-efficient one. Fur e determine the optimal packing sch Revolutionary Aerospace Systems Concept -Academic Linkage he current Technology Readiness Level (TRL) of e new balloon surface inflation strategy is between RL 1-2. Thus, the new balloon inflation system ncept must undergo extensive tests to achieve the ing on a small scale in e laboratory, wind tunnel, vacuum chamber, and al for Phase A is to ulate the ations, and of the subale and full-scale system will be performed. The the e design. The tests conducted during artian conditions. In addition, eighteen months of should be conducted to ensure that the s phase is to demonstrate the performance f the full-scale prototype in a space-like T th T co Technical Readiness Level required for a Mars mission (TRL 7). Based on ground tests to simulate the Martian environmental conditions, the follow st will be required. The practicability of our te surface balloon inflation will be analyzed and demonstrated through a systems engineering approach (Phase A -Phase D).
Development Schedule
Phase A: Feasibility Analysis
The feasibility of our surface balloon inflation technology concept will be developed and evaluated in this phase. Preliminary tests will be done to explore this configuration option th out-door ground test. The go evelop the basic principles, form d technology concepts and their applic prove the concepts through analytical and experimental studies (TRL 1 -TRL 3).
Phase B: Feasibility Demonstration Stage One
In the first stage of Phase B wind tunnel tests, vacuum chamber tests, and ground tests sc results from this stage will be used to evaluate viability of th this stage include inflation in static setting, inflation in dynamic setting (wind gusts), as well as investigations of what environmental factors may affect the balloon inflation process. The goal of 'Stage One' is to validate the concept in the laboratory and field environment (TRL 4 -TRL 5).
Stage Two
In the second stage of Phase B, a full-scale system will be tested. Full-scale system will tested in an environment containing parameters similar to the M storage tests fabric used for the inflatable funnel will be able to maintain functionality after the eighth-month of interplanetary cruise. This stage will determine the feasibility of the design at the full-scale system (TRL 6).
Phase C/D: Flight System Development
In this phase, the practicability of the design will be studied and validated using a full-scale system. The goal of thi o environment and to flight-qualify the proposed system (TRL 7 -9) 
Technology Development Cost
The total development cost was estimated based on the technology development plan and schedule described above. The following assumptions were made in calculating the cost of each Phase. 
Outreach Efforts to General Public
Exhibit Design and Development
The University of Michigan Mars Balloon Team has partnered with the local science museum, The Ann Arbor Hands-On Museum, to design and develop a new space science exhibit, Feel the Solar System, to inspire the public to gain interest in space science and engineering. 
Risk Comparison Analysis Result
From our preliminary risk analysis, the balloon inflation system makes a comp for future Mars Balloon deployment strategy economical testing strategy allows the technolog chance of reaching the minimum TRL allocated budget. Appendix D fo explanation on how the risks were categorized.
ucation and Public Outreach
T m E has made significant contributions to in hibit that will allow visitors to the Ann Arbo useum to experience the gr H p system. Our exhibit includes representations of the Sun and planets mounted to a table top. The graphics of the interactive display were designed by artist Allan C. Edwards to match the true appearance of each planet and the Sun. The key components of our exhibit are magnets, a durable surface, cylindrical Sun and planet models, and visual aids. The exhibit coheres with the vis o e Our exhibit effectively reflects the three ch First, we assessed cognitive element of the Ann Arbor Hands-On Museum's design requirements by surveying parents and children on their knowledge out the solar system. Our target audience ranges from The National Science Education Standards and Benchm arning literature served as the base e grade le ide. In t s f underst e solar system and physics concepts relating to gravity. In addition to multiple choice questions, two open-ended questions were chosen to determine if the visitor could recognize any of the objects using only visual aids in the appropriate content level for verbiage on the exhibit. ab kindergarten through eighth grade.
arks of Le lin of knowledge expectation for students of vels kindergarten through eighth nationw hi survey, we wanted to acquire the level o anding of th Survey results indicated that the children were more knowledgeable about the solar system than their parents. Furthermore, children recognized that Pluto was not a planet and that it was not labeled in the corresponding viewgraph of the solar system. All visitors demonstrated a strong interest in learning more about the solar system.
The next formative evaluation tested the affective aspect of the exhibit allowing users to attempt to feel the difference of gravitational force on the Sun and each planet. The evaluations were conducted at the University of Michigan Design Expo event and in a college classroom.
Exhibit Display Grand Opening
On May 12th of 2007, our team will be at the Ann Arbor Hands-On Museum for the opening of our exhibit, Feel the Solar System. In the opening day, we will hand-in appropriate material provide by Linda Butler from New Horizons' Education and Public Outreach division. The material provides information about the solar system. In addition, Carla Bitter, Education and Public Outreach Manager of the Phoenix Mars Scout Mission, will be present at our opening and will also provide educational material to the general public. This material describes the concept of comparative planetology. Our group will also bring posters and helium balloons to the Ann Arbor Hands-On Museum. Meanwhile, formative evaluation assessments will be conducted to ensure that our space exhibit meets the customer expectations. Over one thousand elementary school children from the Detroit area were brought to the Crisler Arena, where student groups entertained them while informing them about their groups. The University of Michigan Mars alloon team inflated a large B connected it to a webcam so the students could see themselves in our computer as they walked by. We also had them draw pictures of space ships that could go to Mars. As they drew, we informed them of the purpose of our group and NASA's vision of exploration of the Moon and eventually of Mars.
Outreach Efforts at the University
We presented our project at the annual University of Michigan Design Expo on April 12, 2007. Our team displayed both a poster and a PowerPoint presentation. Many students, faculty, staff and local residents attend this event. We explained the objectives of our new Mars balloon concept to the public. Our exhibit design was highlighted in th rbor News" newspaper. Our group was also invited A to talk about our project at the Channel 4 News station.
Supporting Local Business
The University of Michigan Mars Balloon Team supported small business owners in our community. Almost all of the parts for our prototypes were purchased at local businesses near the University of Michigan campus. We have also developed a strong relationship with a local balloon company, Cameron Balloon US, to help spread the joy of ballooning in our community. We also used the opportunity to display our exhibit design Feel the Solar System to college students. We explained why the Feel the Solar System project was important and how it would help children of all ages to better understand concepts related to our solar system.
T cr iversity of Michigan Mars Balloon Team eated a website site to publicize the new Mars surface balloon inflation concept. The website can be easily accessed by anyone-allowing interested students, researchers and the general public to access our project. We also created a documentary DVD of our balloon project that we plan to use to inspire high school and college students to work on multidisciplinary engineering design projects.
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